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7KLV SDSHU DGGUHVVHV WKH QHHG IRU D IXWXUH (8 PDULWLPH WUDQVSRUW SROLF\ E\ SURYLGLQJ UREXVW
UHFRPPHQGDWLRQVIRUIXWXUHUHVHDUFKSULRULWLHV$IRXUVWDJHDSSURDFKZDVDGRSWHGDQLQLWLDODQDO\VLVRI
WKH GULYHUV RI PDULWLPH WUDQVSRUW UHVHDUFK SULPDU\ HJ JOREDO FKDOOHQJHV DQG VRFLHWDO QHHGV DQG
VHFRQGDU\ RQHV HJ OHJLVODWLRQ DQG (XURSHDQ SROLFLHV DQ DVVHVVPHQW RI FXUUHQW PDULWLPH WUDQVSRUW
UHVHDUFKSULRULWLHVOHDGLQJWRLGHQWLILFDWLRQRIIXWXUHUHVHDUFKREMHFWLYHV$WHFKQRORJ\JDSDQDO\VLVWKHQ








ZLGHO\DFNQRZOHGJHG WKURXJKRXW LWV ORQJKLVWRU\FRQWULEXWLQJ WRD ODUJHH[WHQW WR WKHGHYHORSPHQWRID
KLJKO\ FRPSHWLWLYH (XURSHDQ LQGXVWU\ DEOH WR FRQIURQW WKH YDULRXV FKDOOHQJHV LPSRVHG E\ WKH JOREDO
PDUNHW:LWK RYHU  RI ZRUOG WUDGH EHLQJ FDUULHG E\ VHD DQG  RI WKH ZRUOG¶V WRWDO IOHHW EHLQJ
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WKH(XURSHDQ&RPPLVVLRQ (&KDVEHHQFRQVLVWHQWO\SURYLGLQJVXSSRUWE\ VHWWLQJDSROLF\ IUDPHZRUN
DQG GHYHORSLQJ D VHULHV RI DFWLRQV IRFXVLQJ RQ WKH GHYHORSPHQW RI UHVHDUFK DFWLYLWLHV PDLQO\ WKURXJK
LQLWLDWLYHVVXFKDVWKH(8)UDPHZRUN3URJUDPPHV)3V+RZHYHUDWWKHHQGRIWKHLPSDFWRIWKH
ILQDQFLDOFULVLVRQWKHZRUOGHFRQRP\ZDVDOVRVLJQLILFDQWRQWKHPDULWLPHWUDQVSRUWVHFWRUHQIRUFLQJWKH
QHHG IRU DQ DSSURSULDWH IXWXUH PDULWLPH WUDQVSRUW SROLF\ 7KLV ZRXOG WKHQ HQVXUH WKH FRQWLQXRXV
SHUIRUPDQFH RI WKH (8 PDULWLPH WUDQVSRUW V\VWHP WKXV UHWDLQLQJ (XURSH DV D FRUH KXPDQ DQG
WHFKQRORJLFDO NQRZKRZ VHUYLQJ WKH VXVWDLQDELOLW\ DQG FRPSHWLWLYHQHVV RI FXUUHQW DQG IXWXUH VKLSSLQJ
RSHUDWLRQV




















IROORZLQJ L JOREDO ZDUPLQJ DQG FOLPDWH FKDQJH LL VXVWDLQDEOH HFRV\VWHPV DQG ELRGLYHUVLW\ LLL





















6DIHW\ DQG WKH SUHYHQWLRQ RI DFFLGHQWV DW VHD DUH VXFK VHFRQGDU\ GULYHUV :KLOH D FRPSUHKHQVLYH
VWUDWHJLF UHVHDUFKDJHQGDVKRXOGEHDEOH WR IRUHVHHDQGSURDFWLYHO\ UHDFW WRSRWHQWLDO WKUHDWV LW VKRXOG
DOVREHDEOHWRTXLFNO\UHDFWWRQHZWKUHDWVDQGFKDOOHQJHVVXFKDVWKH(5,.$DQG35(67,*(LQFLGHQWV
EHLQJW\SLFDOH[DPSOHVWULJJHULQJIXUWKHUUHVHDUFKRQRLOVSLOOUHPRYDODQGVWUXFWXUDOLQWHJULW\$OWKRXJK
PDULWLPHRSHUDWLRQVKDYHEHFRPHPXFKVDIHU WKHPDULWLPH LQGXVWU\ VWLOO IDFHVSUHVVXUHV WR LPSURYH LWV
SHUIRUPDQFHZLWK³]HURWROHUDQFH´EHLQJLWVIXWXUHFKDOOHQJHWRDFKLHYH














7KH DQDO\VLV RI WKHPDULWLPH WUDQVSRUW UHVHDUFK GULYHUV DV GHVFULEHG DERYH LQ DFFRUGDQFHZLWK WKH
:$7(5%251(73 6WUDWHJLF 5HVHDUFK $JHQGD DQG WKH UHVHDUFK SULRULWLHV RI WZR  RWKHU QRWHZRUWK\

































7KH SURFHVV GHVFULEHG DERYH WUDQVODWHG JOREDO DQG VRFLHWDO QHHGV LQWR PDULWLPH WUDQVSRUW UHVHDUFK
REMHFWLYHV LQ D V\VWHPDWLF ZD\ 7KH FODVVLILFDWLRQ DQG LGHQWLILFDWLRQ RI WKH UHVHDUFK REMHFWLYHV ZDV
VWUXFWXUHG DURXQG ILYH  NH\ LVVXHV RI PDULWLPH WUDQVSRUW UHVHDUFK QDPHO\ FRPSHWLWLYHQHVV DQG
FKDOOHQJHVUHODWHGWRHQHUJ\WKHHQYLURQPHQWKXPDQDVSHFWVDQGVDIHW\	VHFXULW\
0DULWLPH7UDQVSRUW5HVHDUFKSULRULWLHVDQGUHVXOWVRIWKHWKWKDQGWK)3
7KH H[WHQW WR ZKLFK PDULWLPH WUDQVSRUW UHVHDUFK KDV DGGUHVVHG RYHU WKH ODVW GHFDGH WKH DERYH
UHVHDUFKQHHGVZDVDVVHVVHGWKURXJKDQDQDO\VLVRIPDULWLPHWUDQVSRUWUHVHDUFKSURMHFWVFRILQDQFHG
E\WKH(&'*5HVHDUFKDQG,QQRYDWLRQXQGHUWKHSDVWWKDQGWKDVZHOODVWKHRQJRLQJWKXSWRWKHWK
&DOO(8)UDPHZRUN3URJUDPPH)RUHDFKSURMHFW WKHDQDO\VLV IRFXVHGRQ WKH UHVHDUFKSULRULWLHV WKH\
DGGUHVVHGDQGWKHRXWFRPHVWKH\SURGXFHGHPSKDVL]LQJSDUWLFXODUO\RQWHFKQRORJLFDOGHYHORSPHQWV
0DULWLPH7UDQVSRUW5HVHDUFKSULRULWLHV
































































PDULWLPH WUDQVSRUW LQGXVWU\ E\ LPSURYLQJ VKLS SURGXFWLRQ DQG RSHUDWLRQ LL PLQLPL]LQJ HQHUJ\
FRQVXPSWLRQ LLL UHGXFLQJ WKHHQYLURQPHQWDO LPSDFWRIPDULWLPH WUDQVSRUW LYH[DPLQLQJKXPDQDQG
EHKDYLRUDODVSHFWVDQGYLQFUHDVLQJZDWHUERUQHWUDQVSRUWVDIHW\
0DULWLPH7UDQVSRUW5HVHDUFKUHVXOWV
7RIRUPWKHEDVLV IRUSHUIRUPLQJD WHFKQRORJ\JDSDQDO\VLVZLWK WKHREMHFWLYH WR LGHQWLI\ WKH ILHOGV
ZLWKLQPDULWLPH WUDQVSRUW ZKHUH IXUWKHU UHVHDUFK LV QHHGHG D GHWDLOHG DVVHVVPHQW RI WKH WHFKQRORJLFDO
GHYHORSPHQWVRISUHYLRXVDQGRQJRLQJ(8PDULWLPHWUDQVSRUWUHVHDUFKSURMHFWVZDVXQGHUWDNHQ
:LWK UHJDUG WR WKH PDLQ ILYH  PDULWLPH WUDQVSRUW UHVHDUFK WKHPHV DQG WKHLU WHFKQRORJLFDO
GHYHORSPHQWV WKH  PDULWLPH WUDQVSRUW UHVHDUFK SURMHFWV ZHUH DQDO\]HG DQG FODVVLILHG LQWR
WHFKQRORJLFDOFOXVWHUVUHSUHVHQWLQJFHUWDLQDUHDVRIWHFKQRORJ\JURXSLQJWRJHWKHUSURMHFWVZLWKRXWFRPHV











1RYHOFDUJRFDUU\LQJFRQFHSW IRU ULYHUVHD WUDQVSRUW  VKLSFRQVLVWLQJRID VKLSSODWIRUPDQGFDUJR
FRQWDLQLQJ PRGXOH  LQQRYDWLYH FDUJR YHVVHOV LQ WHUPV RI HTXLSPHQW SURSXOVLRQ VWUXFWXUH

















0RGLILFDWLRQV DGDSWDWLRQV RI WKH H[LVWLQJ VKLSWHUPLQDO WHFKQRORJLHV  DXWRPDWLF XQORDGLQJ







,PSURYHG UHILQHG VKDSH RSWLPL]DWLRQ  GHILQLWLRQ RI SUREDELOLVWLF  GHVLJQ RI QHZ FUDVKZRUWK\
VWUXFWXUHV  QRYHO VWUXFWXUDO FRQFHSWV WR FDUU\ FUXLVH VKLS ORQJLWXGLQDO VWUHQJWK  DGYDQFHG GHVLJQ
V\QWKHVLV DQG DQDO\VLV WHFKQLTXHV DW WKH HDUOLHVW GHVLJQ VWDJH  GHVLJQ WRROV DQG JXLGHOLQHV IRU
DQDO\]LQJDOOK\GURVWUXFWXUHLQWHUDFWLRQSUREOHPVUHOHYDQWWR8OWUD/DUJH&RQWDLQHU6KLSV
'HVLJQWRRO 1HZ PRGHOEDVHG PHWKRGRORJ\ DQG SURFHGXUH RI WKH LQLWLDO DQG EDVLF GHVLJQ FRQWDLQLQJ DOO WKHLQIRUPDWLRQQHHGHG LQ WKHGHVLJQ IORZ RI D VKLS &RPSXWDWLRQDO WRROV IRU WKH RSWLPL]HGGHVLJQ RI
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XQGHUZDWHU VKLSKXOO FOHDQLQJ  LQQRYDWLYH DQWLIRXOLQJ DQGGUDJ UHGXFLQJ VKLSKXOO SURWHFWLYH ILOP
ZKHUHXQIRUWXQDWHO\UHVHDUFKOHGRQO\WRDSURWRW\SHSURFHVVOLQHWHFKQRORJ\ZKLFKVXSSUHVVHGWKH
LQLWLDO VWDJHVRI EDFWHULD IRUPDWLRQ WKDW HYHQWXDOO\ OHDG WR WKH IRUPDWLRQRI IRXOLQJ  FRPSDULVRQRI
H[LVWLQJPDWHULDOVZDVDOVRFDUULHGRXWDQGJXLGHOLQHVIRUWKHDSSOLFDWLRQRIEHVWSUDFWLFHVWHFKQRORJ\
ZKLFKSURSRVHG WKH UHSODFHPHQWRI WKHELRFLGHVZLWKHQ]\PHV LQDQWLIRXOLQJSDLQWV VRDV WREH OHVV


















2SWLPL]DWLRQ RI WKH RSHUDWLRQV RI D VKLS UHSDLU \DUG  FRPSRVLWH SDFW UHSDLU DQG UHHQIRUFHPHQW 
















'HYHORSPHQWV LQ WKHUPRG\QDPLFV DQG PHFKDQLFV RI H[WUHPH SDUDPHWHU HQJLQHV DGYDQFHG




























,QQRYDWLYH URERWV RU VKLS FRQFHSWV FDSDEOH RI UHFRYHULQJ RLO WKXV HOLPLQDWLQJ WKH SROOXWLRQ WKUHDW 
V\VWHPV PRQLWRULQJ WKH PDULQH WUDIILF DQG SROOXWLRQ HYHQWV  V\VWHPV SUHYHQWLQJ RLO VSLOODJHV E\
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,QWURGXFWLRQ RI DLU FXVKLRQOXEULFDWLRQ WHFKQLTXHV  JHRPHWU\ SURFHVVLQJ WRROV DQG HQKDQFHG &$'
















'HVLJQDQGGHYHORSPHQWRISRZHUSODQWVEDVHGRQPROWHQFDUERQDWH IXHOFHOOV WHFKQRORJ\ HOHFWULF
SRZHU FRPSRQHQW GHVLJQ RQERDUG UHDOL]DWLRQ RI D ZLQGSRZHU JHQHUDWRU  GHVLJQ WRROV DQG












,PSURYHPHQW RI UHILQHG RSWLPL]DWLRQ  IUDPHZRUN FRQWDLQLQJ DOO WKH UHTXLUHG LQIRUPDWLRQ IRU WKH
GHVLJQ IORZ RI D VKLS  GHILQLWLRQ RI SUREDELOLVWLF GDPDJH VWDELOLW\ HQVXULQJ IOH[LELOLW\ LQ GHVLJQ
LQWHJUDWLQJ VXUYLYDELOLW\ LQ WKH GHVLJQ SURFHVV DV D UHJXODU GHVLJQ SDUDPHWHU  RSWLPL]DWLRQ RI
FRPSDUWPHQWVDQGLQWHUQDODUUDQJHPHQWVRISDVVHQJHU5R5RVKLSVWRROVIRUVDIHW\SHUIRUPDQFHSUH
GLFWLRQDQGLQQRYDWLYHVDIHW\FULWLFDOWHFKQRORJLHVIRUWKHDQDO\VLVRIGHVLJQSURSRVDOVDQGFRQFHSWV
FRPSXWDWLRQDO WRROV IRU WKH RSWLPL]HG GHVLJQ RI IXQFWLRQDO IUHHIRUP VXUIDFHV  GHVLJQ WRROV DQG
JXLGHOLQHV IRU DQDO\]LQJ DOO K\GURVWUXFWXUH LQWHUDFWLRQ SUREOHPV UHOHYDQW WR8OWUD /DUJH &RQWDLQHU




1DYLJDWLRQDODQGPDQHXYHULQJDLG VXSSRUW WRRODVVLVWLQJ LQ WKHVHOHFWLRQRI WKHRSWLPXPVHD URXWH
PLQLPL]LQJ DGYHUVH DQGPD[LPL]LQJ EHQHILFLDO HIIHFWV DV VHDSHUIRUPDQFH VDIHW\ TXDOLW\ RI OLIH DW




WKH\EHFRPHGLVDEOHG  V\VWHPVGHWHUPLQLQJRSWLPDO VHWWLQJV IRUPLQLPL]LQJ ULVNV WRERWK VKLS DQG
VHDIDUHU QDYLJDWLRQV\VWHPHVWLPDWLQJWKHULVNRI WUDYHOOLQJLQWRFKDQQHOVHWFPRQLWRULQJV\VWHPV














1HZ PRWLRQ VLFNQHVV SUHGLFWLRQ PRGHO DORQJ ZLWK UHDOLVWLF VWDQGDUGV IRU PRWLRQ VLFNQHVV DQG
SDVVHQJHUFRPIRUW

7KH WDEOH DERYHSURYLGHV DQRYHUYLHZRI WKH WHFKQRORJ\ ILHOGVZLWKLQPDULWLPH WUDQVSRUW LQZKLFK
VHYHUDOUHVHDUFKHIIRUWVKDYHEHHQXQGHUWDNHQRYHUWKHODVWGHFDGHOHDGLQJWRWKHGHYHORSPHQWRIDVHULHV
RI LQQRYDWLYHSURGXFWV ,W VKRXOGEHQRWHG WKDWPDQ\RI WKH UHVHDUFKSURMHFWV HVSHFLDOO\ WKH LQWHJUDWHG
RQHVKDGDZLGHUIRFXVDQGWKXVFRQWULEXWHGWRVHYHUDOWHFKQRORJLFDOFOXVWHUVDQGVXEFOXVWHUV
7HFKQRORJ\JDSDQDO\VLV
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7KHWHFKQRORJ\JDSDQDO\VLVZDVEDVHGRQWKHGHWDLOHGDVVHVVPHQWRIWKHPDULWLPHWUDQVSRUWUHVHDUFK
RXWFRPHV DV SUHVHQWHG DERYH DQG DLPHG WR LGHQWLI\ WHFKQRORJ\ JDSV ZKLFK UHTXLUH IXUWKHU UHVHDUFK































1HZYHKLFOHYHVVHOFRQFHSWVFDSDEOHRIRSHUDWLRQRQGLIIHUHQW LQODQGZDWHUZD\V   LPSURYHGFDUJR
KDQGOLQJFRQFHSWVLQIRUPDWLRQPDQDJHPHQWV\VWHPVIRUWKHHQWLUHORJLVWLFVFKDLQWDQNFRQWDLQPHQW



















'HYHORSPHQWDQG DSSOLFDWLRQRIQHZ VWHHOV  MRLQLQJDVVHPEOLQJ RXWILWWLQJ DQG UHSDLU WHFKQLTXHV 
PDWHULDOVZLWKLPSURYHGSURSHUWLHVDQGDUHGXFHGHQYLURQPHQWDOIRRWSULQWDGRSWDEOHDQGLQWHOOLJHQW




















VRIWZDUH WRROV IRU IDFLOLW\DQG UHVRXUFHSODQQLQJH[WHQVLRQRI VWHHOSURGXFWLRQDQGRXWILWWLQJ WRROV





0RQLWRULQJ DQG GLDJQRVLV V\VWHP IRU VKLS HTXLSPHQW  DXWRQRPRXV URERWV DQG UHPRWHO\ RSHUDWHG
YHKLFOHV IRU LQVSHFWLRQ DQG PDLQWHQDQFH  FRQFHSWV DQG VROXWLRQV IRU KROLVWLF DQG SUHGLFWLYH
PDLQWHQDQFH IRUDOO V\VWHPV '66IRU VKLSRSHUDWRUV IHHGEDFNWR VKLSGHVLJQQHZ WHFKQLTXHV IRU





SUHRXWILWWLQJ DQG PRGXODUL]DWLRQ RI QHZ EXLOGLQJ \DUGV  PRGHUQ PHDVXUHPHQW WHFKQRORJLHV DQG
SURGXFWGDWDPRGHOV 3'0 GHVLJQ IRU UHWURILWWLQJ HDV\PDLQWHQDQFH UHF\FOLQJ DQG UHXVH  RYHU
ODPLQDWLRQ RI MRLQWV DQG UHSDLU RI DJHG VWUXFWXUHV  QHZ EXVLQHVV PRGHOV DQG PHDVXUHV IRU ,35
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RYHUYLHZRIQHZ IXHO RSWLRQV  GHYHORSPHQWRIQHZPXOWLIXHO HQJLQHV DQG V\VWHPV PHWKRGVDQG




:HDWKHU URXWLQJ  VORZ VWHDPLQJ VROXWLRQV FRPELQHG ZLWK SRUWSODQQLQJ VROXWLRQV  RSHUDWLRQDO
JXLGHOLQHVIRUHQHUJ\HIILFLHQWVKLSRSHUDWLRQHQHUJ\DQGHPLVVLRQPDQDJHPHQWV\VWHPVVLPXODWLRQ






1RLVH DQG KXPDQ KHDOWK GDPDJHV WR SDVVHQJHU KDUERU UHVLGHQWV DQG FUHZ PHPEHUV  HIIHFW RI





&UHDWLRQRI SURSHOOHU DQGKXOO IRXQGLQJ GHYHORSPHQW WHVWLQJ DQGTXDOLILFDWLRQRI QHZSDLQWVDQG































HIIHFWV RIZDYHV DQGFKDQJHV LQSURSHOOHU EHKDYLRU  HIIHFWV RIPDQHXYHULQJDQG LFHQDYLJDWLRQRQ







)XHO WHFKQRORJ\ WR DFKLHYH LPSURYHPHQWV LQ L ZHLJKWSRZHU UDWLRQ LL VWDFN UHOLDELOLW\ RI IXHO
FHOOVLLLFRVWUHODWHGWRHQHUJHWLFRXWSXWDGRSWLRQRIUHIRUPHUWHFKQRORJLHVWRWKHPDULWLPHPDUNHW
JOREDO DQDO\VLV RI HQHUJ\ GHPDQGV  LPSURYHPHQW RI PDULQH HQHUJ\ VWRUDJH WHFKQRORJLHV 
GHYHORSPHQWRIUHOLDEOHFRQFHSWVIRUWKHXVHDQGLQWHJUDWLRQRIDGGLWLRQDOHQHUJ\VRXUFHV
	 6 ( '(6,*1IRU6$)(7<
,PSURYHPHWKRGVWRHVWLPDWHSUREDELOLVWLFGDWDIRUVDIHW\DVVHVVPHQWWRROVWRPRGHOWKHHQWLUHVDIHW\
FKDLQEDVHGRQILUVWSULQFLSOHDQGVWDWLVWLFVQHZFRQFHSWVRIZRUNVKDULQJDQGNQRZOHGJHWUDQVIHU
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VDIHW\ DVSDUW RI OLIHF\FOHGHVLJQ  RSWLPL]DWLRQ VWUDWHJLHV DQG WHFKQLTXHV WR IDFLOLWDWH WKH UHTXLVLWH
EDODQFHEHWZHHQFRVWVDIHW\DQGHQYLURQPHQWDO LPSDFWHQKDQFHGGHJUHHRIUDWLRQDOL]DWLRQERWKLQ




,QWHJUDWHG SURGXFWV GHFLVLRQ VXSSRUW V\VWHPV DQG VWDWHRIWKHDUW FRPPXQLFDWLRQ DQG VDWHOOLWH
WHFKQRORJLHV  FRVW HIIHFWLYH DSSURDFKHV WR PDQDJH WKH KXPDQ IDFWRU LQ VKLSSLQJ RSHUDWLRQV 
XQPDQQHGVKLSSLQJRSHUDWLRQVLQSDUDOOHOZLWKHPDULWLPHSUDFWLFHVVXVWDLQDELOLW\LQRSHUDWLRQVDVD
.H\3HUIRUPDQFH,QGLFDWRUV.3,
















VLFNQHVV DQG IDWLJXH  EHWWHU XQGHUVWDQGLQJ RI WKHPHFKDQLVPVZKLFK JRYHUQ FRPIRUW SHUFHSWLRQ 
GHVLJQFULWHULDUHJDUGLQJWKHQHHGVDQGDELOLWLHVRIDJHGSDVVHQJHUVPDULQHGDWDRQDFRXVWLFV












x %DVHG RQ WKH FXUUHQW XSGDWH RI 5	' QHHGV D ZHOO IRXQGHG ORQJWHUP URDGPDS LV QRZ XUJHQWO\
QHHGHGIRULPSOHPHQWLQJQHZ5	'WRSLFV
x 7KHSUHSDUDWLRQRI6WUDWHJLF5HVHDUFK$JHQGDVE\(XURSHDQ$VVRFLDWLRQVVKRXOGEHLPSURYHGWKURXJK
D GLUHFW SDUWLFLSDWLRQ RI WHFKQLFDO H[SHUWV IURP PDULWLPH WUDQVSRUW UHVHDUFK DQG LQGXVWU\ 6WUDWHJLF
SULRULWLHVQHHGWREHGHILQHGWRSGRZQEDVHGRQFRPSUHKHQVLYHUHVHDUFKVWUDWHJLHV












2443 Dr. Boile M. et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2433 – 2443 
(XURSHDQ&RPPLVVLRQ:RUN3URJUDPPH&RRSHUDWLRQ7KHPH7UDQVSRUWLQFOXGLQJ
$HURQDXWLFV%UXVVHOV
(XURSHDQ&RPPLVVLRQ:RUN3URJUDPPHIRU57'DFWLRQVLQVXSSRUWRI&RPSHWLWLYHDQG
VXVWDLQDEOHJURZWK%UXVVHOV
0DULWLPH3ROLF\6XSSRUW0$5326FRQVRUWLXP7KHFXUUHQWDQGIXWXUHDJHQGDVRI0DULWLPH
7UDQVSRUW5HVHDUFK
